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Mechanical Ventilation Associated Lung Injury (VALI) is a prevalent complication of supportive care and greatly impacts outcomes of critically ill patients \[[@B1],[@B2]\]. Research during the past two decades has identified deforming stress as a major determinant of \"biotrauma\"\[[@B3]\], and has drawn attention to four interrelated lung injury mechanisms: regional over-expansion caused by the application of a local stress or pressure that forces cells and tissues to assume shapes and dimensions they normally would not during unassisted breathing; so-called \"low volume injury\" associated with the repeated recruitment and de-recruitment of unstable lung units, causing the abrasion of the epithelial airspace lining by interfacial tension; the inactivation of surfactant triggered by large alveolar surface area oscillations, that stress surfactant adsorption and desorption kinetics and are associated with surfactant aggregate conversion; and interdependence mechanisms that raise cell and tissue shear stress between neighboring structures with differing mechanical properties.\[[@B4]\] However, the many degrees of freedom in ventilator settings and uncertainty about the topographical distribution of mechanical properties in injured lungs continue to fuel controversies about best positive end expiratory pressure (PEEP)\" and safe tidal volumes\[[@B5]\].

In this issue of Critical Care, Pavone and colleagues draw attention to the spatial and temporal evolution of VALI, as inferred from intravital microscopic recordings of alveolar microstrains in mechanically ventilated rats\[[@B6]\]. Microstrains were computed from the fractional area changes of the apical projections of subpleural alveoli onto the pleural surface. Increases in microstrain from baseline were interpreted as measures of alveolar instability and hence, manifestations of injury. Using the lateral decubitus posture to compare the evolution of VALI between dependent and nondependent lung regions, Pavone and colleagues conclude that instability is first manifest in non-dependent lung, that PEEP prevents alveolar instability, but does not reduce lung water and that alveolar instability, as defined, does not correlate with measures of pulmonary gas exchange.

The results of this elegant study reinforce the idea that regions of the lung, which receive a large fraction of inspired gas, aerated non-dependent lung in this instance, are particularly vulnerable to VALI. This form of injury is often attributed to hyperinflation. However, the term hyperinflation does not describe a specific injury mechanism, because the topographical distributions of regional tidal volumes (local strain referenced to end-expiration) and regional end-inspiratory transpulmonary pressure (local peak stress) need not be correlated\[[@B7]\]. In other words, the debate as to whether tidal volume and plateau airway pressure are independent or related predictors/risk factors of VALI pertains to regional lung mechanics and questions about the topographical distribution of parenchymal stress and strain as well.

Guided by the assumption that so-called alveolar opening and closure is the prevalent injury mechanism, Pavone and colleagues equate the presence of alveolar deformation in the pleural plane with alveolar instability and injury. The authors defend this assumption with the observation that in the absence of injurious stress, the apices of subpleural alveoli undergo little to no apparent deformation, so that when they do, local stress must have reached injurious levels. It is theoretically possible to increase lung volume without changing alveolar dimensions, because acinar volume can be partitioned into alveolar volume and alveolar duct volume. This implies added degrees of freedom in microstructural configuration, which are ultimately governed by local geometry and surface tension\[[@B8]\]. However, it is highly unlikely that an unconstrained normal acinus would increase volume without increasing alveolar size and surface area, because the area strain of the pleural surface, to which subpleural alveolar walls are anchored, must scale with tidal volume to the 2/3 power\[[@B9],[@B10]\]. Moreover, even in the presence of shear stress, correlations between macrostrain (for example, change in distance between pleural markers) and subpleural microstrain (for example, derived from diffuse light scattering or morphometric estimates of tissue architecture) are excellent\[[@B11]\]. In light of these observations it must be concluded that Pavone\'s index of alveolar instability is biased by the constraint to keep the local pleura in apposition with the microscope objective.

While these arguments are critical for interpreting pleural projection images, and speak to the question how a normal acinus deforms during a breath, there are nevertheless important lessons to be learned from Pavone\'s observations. There is no question that the choice of ventilator settings produced lung injury and that increases in the local area strain must have been driven by an increase in local stress. The movies also clearly show a progressive loss of subpleural air/liquid interfaces indicating local alveolar flooding or collapse, which presumably coincided with an increase in microstrains of aerated and therefore still observable sub-pleural alveoli. Interestingly, these changes were not accompanied by a decrease in overall tidal volume or changes in peak airway pressure, which is remarkable in light of unit dropout and the use of inflation pressures which should have expanded open units to their total lung capacity all along.

Could the constraint placed on the pleural surface by the imaging system have influenced the local tissue response? Did the changes in alveolar microstrain of the non-dependent lung merely reflect derecruitment of the dependent lung\[[@B12]\]? Are interdependence forces truly large enough to strain pleural and/or alveolar walls beyond their dimensions at normal total lung capacity? Do injury and the acompanying changes in barrier properties, lung water and surfactant function alter the strain distributions between alveoli and alveolar ducts? To answer these questions one would have to access the dark side of the lung, in other words, the lung interior, and define the architecture of parenchyma that is not anchored to the pleural surface. This is currently difficult in living tissue as even state of the art confocal imaging, while capable of illuminating deep below the pleural surface, cannot correct image distortions caused by air/liquid interfaces without *a priori*knowledge of local geometry. Until we overcome such limitations, tests of mechanistic hypothesis concerning the spatial and temporal evolutions of VALI will suffer from a blind spot.
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PEEP = positive end expiratory pressure; VALI = mechanical ventilation associated lung injury.
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